propriate for HPV screening. In addition, 76% of the samples were positive for HPV, including 54% of HPV types with oncogenic potential. Conclusions: This study indicates that HPV detection and typing through anal self-sampling is a valuable strategy to screen patients at high risk for anal cancer development. This could allow earlier management of anal lesions and related cancer in patients at high risk for HPV.
troduction of HAART, a significant increase of the incidence of anal cancer has been observed during the 2 last decades in HIV-positive people, mostly in MSM, who have the highest risk for this neoplasia [5, 6] .
Current French guidelines for anal cancer screening in HIV-positive patients recommend an annual digital rectal examination, combined with a standard anoscopy in at-risk patients, who include patients with anoreceptive sexual intercourse or a history of anal and/or cervical condylomas as well as women with cervical dysplasia [7] . Given the tremendous prevalence of anal HPV DNA in HIV-positive patients (85-97%) [8, 9] , routine anal HPV testing is not currently part of any recommended screening program. However, only scarce data are available on the natural history of anal HPV infection and cancer [6] . Moreover, in high-grade anal intraepithelial neoplasia, high-risk HPV and particularly HPV16 were reported to be the strongest risk factors of progression to anal cancer [10] . Hence, high-risk HPV and especially HPV16 detection on anal swabs could be used to identify patients at high risk of anal cancer, which could trigger regular monitoring and procedures such as high-resolution anoscopy and biopsy [11, 12] . Nevertheless, anal examinations performed by clinicians can raise intimacy problems, and they are not accepted by many patients, for instance by 28% of the 142 HIV-positive MSM who were offered proctologic examination in a recent study [13] . Thus, many HIV-infected patients are not screened for anal cancer although they are at-risk individuals [2, 5] . In the setting of cervical cancer screening, self-sampling techniques for the purpose of cervical cytology and HPV testing have been proposed as an appropriate and effective alternative to sampling performed by clinicians [14] . To date, only 3 studies have assessed anal self-sampling in HIV-positive and -negative MSM and in HIV-negative women [15] [16] [17] , and 1 study has assessed feasibility, acceptability, and accuracy of anal self-sampling [18] . Here, we aimed at evaluating the acceptability and accuracy of anal self-sampling in HIV-infected patients followed-up at Marseille University Hospitals.
Patients and Methods
This study was carried out between October 2013 and March 2014. Patients who were enrolled in the study were HIV-positive individuals followed-up for their HIV infection in an HIV outpatient clinical unit of Marseille University Hospitals. During the patients' regular visits for the monitoring of their HIV infection, they were proposed to self-sample anal swabs for HPV detection. A specimen self-collection kit included a sterile Dacron swab (Mast-Diagnostic, Bootle, UK), a tube filled with Basal Medium Eagle medium and a transport bag. The transport bag was sent back to the laboratory by courier within 3 h following the sampling. The study protocol was approved by our institutional ethical board and each participant provided written informed consent. Demographic characteristics and the most recent CD4 cell count and HIV RNA load were obtained from the clinical records. HPV DNA detection, HPV16/18 DNA quantification, HPV genotyping and cellular DNA quantification were performed as previously described [19] . HPV genotyping was performed by PCR (using MY09/MY11 primers), Sanger population sequencing, and then phylogenetic analysis; in case of mixed sequence profiles, PCR products were cloned using PGEM Easy Plasmid (Promega) prior sequencing, as previously described [20] . Quantification of HPV16/18-positive samples was performed using quantitative duplex real-time PCR methods using a plasmid containing 3 target sequences of interest (E6 gene from HPV16, E7 gene from HPV 18, and exon 12 from the human albumin gene). This method allowed HPV16, HPV18, and albumin gene copy numbers to be quantified in the same assay. Therefore, HPV viral load could be expressed as HPV copies per million cells. Albumin gene quantification also enabled checking the quality of DNA, the quantity of cervical cells, and the absence of PCR inhibitors. HPV types were classified as high risk, probably high risk, and low risk according to the 2011 International Agency for Research on Cancer classification [21] .
Results
Among the 116 patients invited to participate in the study and perform anal self-sampling, 106 (91%) accepted. The mean (±SD) age of these 106 patients was 45 ± 10 years (range: 22-66; median: 46), 84% (89/106) were male, 60% (63/106) were MSM, 20% (21/106) were heterosexuals, 10% (11/106) were injecting drug users, 9% (10/106) had no risk factor documented, and 1% (1/106) had previously received a blood transfusion ( Table 1 ) . The mean CD4 cell count was 642 ± 286/mm 3 (range: 42-1,578). The mean HIV RNA load was 4.5 ± 5.1 log 10 copies/mL (range: 1.6-5.9). Four males and 6 females did not accept to perform anal self-sampling, including 4 MSM and 6 heterosexuals. Reasons for nonacceptance were discomfort with any anal screening, anxiety about finding an abnormality, preference for clinician collection of anal samples, and fear of hurting oneself.
Among the 106 self-collected specimens, 94 (91%) were adequate for virological evaluation ( Table 1 ) , as assessed by albumin DNA detection with a mean CT value of 26, which is lower than the threshold CT value of 31 previously established for defining sample pauci-cellularity (10 2 copies of albumin gene or 50 cells) [20] . Of note, the 12 pauci-cellular specimens had CT values ranging between 33 and 39. Among anal swabs with adequate cellularity self-sampled by these 94 patients, 71 (75.5%) were HPV DNA-positive, including 38 (53.5%) that were positive for high-risk HPV types, 38 (53.5%) that were positive for low-risk HPV types, and 21 (29.5%) that were positive for multiple HPV types ( Table 1 ) . As shown in Figure 1 , the HPV types most frequently detected among the 71 HPV DNA-positive patients were HPV16 (35%); HPV6 (24%); HPV18 (21%); HPV58 (10%); HPV53 (7%); HPV11 and 71 (6% each); HPV31 and 70 (4% each); HPV62, 66, 81, and 85 (3% each); and HPV17, 22, 33, 72, 73, and 84 (1% each). Twenty-one coinfections including 15 coinfections with HPV16 ± 18 with/without other HPV type(s) were observed. The mean ± SD HPV16 DNA load was 7.4 ± 8.1 log 10 copies per million cells and the mean HPV18 DNA load was 7.6 ± 8.3 log 10 copies per million cells.
Discussion
This study is, to our knowledge, the first to assess anal self-sampling for HPV detection in a cohort of HIV-positive patients regardless of their gender and sexual behavior. We evidence here a strong acceptability (91%) and accuracy (91%) of anal self-sampling for HPV testing. This rate of acceptability is similar to those (90%) reported in 2 previous studies that evaluated anal self-sampling in HIV-positive or -negative MSM [15, 16] . In contrast, another study conducted in HIV-negative women reported a lower acceptability rate (43%), and this was attributed to patients' concern regarding their ability to accurately collect the samples [17] . The high rate of accuracy for HPV detection via a self-sampled swab is congruent with the results from previous anal self-sampling studies that reported rates ranging between 83 and 91%, either for the sake of cytological or HPV prevalence assessments [15, 22, 23] . In the present study, albumin DNA quantification in the same assay as HPV DNA detection and quantification enables to check objectively the quality of the sampling and the accuracy of the PCR testing by assessing the quantity of anal cells and the absence of PCR inhibitors, respectively. Accordingly, pauci-cellular samples could be excluded, and potential false-negative results avoided. The fact that only 10% of the anal swabs were not collected appropriately indicates that the anal self-sampling strategy is efficient. In addition, in the present study, the rates of detection of the main HPV types and the median HPV16 and 18 DNA loads were similar to those observed in a previous study in HIV-infected male and female patients who had anal samples collected by the clinician in another center of Marseille University Hospitals [19] . This further validates anal self-sampling for HPV detection and quantification.
With such high rates of anal self-sampling acceptability and accuracy as those observed here, this screening strategy allowed detecting high-risk HPV in one-third of the patients included, and any HPV in 61% of them. When focusing on the 94 patients who accepted anal selfsampling and collected samples with appropriate cellularity, representing 81% of those included in the study, high-risk HPV were detected in approximately half of these individuals, and any HPV were detected in approximately three quarters of them. This overall HPV prevalence (76%) as well as the HPV16 (35%) and 18 (21%) prevalence rates found in our study are intermediate between those obtained by Lampinen et al. [23] among 222 HIV-negative MSM (67, 22, and 8%, respectively) and those found by Ortiz et al. [24] among 100 HIV-negative women whose age ranged from 18 to 34 years (52, 6, and 2%, respectively). No official guidelines currently recommend the use of HPV testing alone. However, the high prevalence of high-risk HPV in at-risk populations targeted for screening and the high prevalence of anal HPV16 in HIV-positive individuals are clinical concerns, as it was recently highlighted for HIV-infected women [6] . In addition, high-risk HPV and particularly HPV16 were reported to be the strongest risk factors of progression to anal cancer in high-grade anal intraepithelial neoplasia [10, [25] [26] [27] . The present study did not aim at studying the value of HPV detection in anal cancer screening, but assessed, at a more preliminary stage, the acceptability and accuracy of anal self-sampling. An anal cytology was only available for 10 high-risk HPV-positive patients during follow-up, and 2 of them experienced low-grade dysplasia at 6 and 18 months of follow-up. The natural history of anal cancer is not fully understood. Among the few longitudinal studies conducted on the natural history of anal intraepithelial neoplasia (AIN) in a cohort of HIVseropositive patients, the rate of incident AIN2/3 over a 3-to 4-year period reached 34% in the study by Palefsky et al. [26] and 37% in the study by de Pokomandy et al. [28] . The exact rate of progression of high-grade AIN toward invasive carcinoma is unclear, and was estimated to be 1.3-3.2% at 5 years [2, 29] , which justifies a long period of follow-up. In a recent study, a 2-fold rise of the risk of progression in patients with HPV16 or 18 infections compared with patients with other HPV types was found [27] . Overall, these studies underscore the relevance of screening for AIN2/3 in HIV-positive patients and also underscore the importance of HPV typing as predictive factors for AIN2/3.
In summary, the high rates of anal self-sampling acceptability and accuracy combined with the high rate of high-risk HPV positivity in HIV-infected patients in our study indicate that such an anal self-sampling strategy is valuable for high-risk HPV detection in high-risk populations targeted for anal cancer screening. This warrants additional, larger, and more systematic studies in such patients to gain a better knowledge of the natural history of anal HPV infection and help clarify the value of HPV screening, especially HPV16, to predict the risk of anal cancer. Such an approach should be particularly fruitful in high-risk patients, and for those refusing proctologic examination by clinicians and anoscopy. In this respect, anal self-sampling might be useful in the first step of a screening algorithm. Furthermore, anal self-sampling could allow screening and treating other sexually transmitted diseases.
